Abstract The expression of Basigin gene products and monocarboxylate transporter-1 (MCT1) has been investigated within the mammalian neural retina and suggests a role for these proteins in cellular metabolism within that tissue. The purpose of the present study was to investigate the expression of these same proteins in the pineal gland of the mouse brain. Mouse pineal gland and neural retina RNA and protein were subjected to quantitative reverse transcription-polymerase chain reaction and immunoblotting analyses. In addition, paraffin-embedded sections of each tissue were analyzed for expression of Basigin gene products and MCT1 via immunohistochemistry. The results indicate that MCT1 and Basigin variant-2, but not Basigin variant-1, are expressed within the mouse pineal gland. The expression of Basigin variant-2 and MCT1 was localized to the capsule surrounding the gland. The position and relative amounts of the gene products suggest that they play a much less prominent role within the pineal gland than in the neural retina.
Introduction
This research group has previously studied the expression and function of Basigin gene products in the mammalian neural retina. It was determined that the Basigin gene expresses two products . One product, a transcript of 1.5 kb, translates to a glycoprotein of 45 kDa and is ubiquitously expressed on epithelial cells Muramatsu 2015) . In the mouse eye, this Basigin transcript, named Basigin variant-2, is expressed on the surface of Müller cells and the retinal pigmented epithelium . The second product, named Basigin variant-1, is a transcript of 1.8 kb that translates to a glycoprotein of 55 kDa and is expressed only by photoreceptors . It is thought that the two gene products bind each other to connect photoreceptors to Müller cells and align monocarboxylate transporters (MCTs) for delivery of metabolites to the photoreceptors for oxidative phosphorylation (reviewed in Ochrietor and Linser 2004) . The expression of MCT1 at the plasma membrane within the neural retina is dependent on the expression of Basigin gene products. Mice in which the gene for Basigin was deleted have no MCT1 on the surface of photoreceptors, Müller cells, or the retinal pigmented epithelium, as is observed in control littermates (Philp et al. 2003; Igakura et al. 1998) . These animals are blind from the time of eye opening and have a reduced number of mitochondria within their neural retinas (Ochrietor et al. 2002; Pablo and Ochrietor 2013) .
The pineal gland is located within the mammalian brain and has traditionally been associated with light entrainment and circadian rhythms. More recent studies indicate that mammals do not possess non-retinal photoreceptive cells, like non-mammal vertebrates. Rather, light entrainment occurs via a subset of ganglion cells within the neural & Judith D. Ochrietor j.ochrietor@unf.edu retina that express melanopsin (reviewed in Doyle and Menaker 2007) . In mice, the pineal gland is a tiny structure located in the median plane between the two hemispheres of the brain (Matsunaga et al. 2011 ). The gland is composed of pinealocytes, which express melanopsin, and astrocytes, and is surrounded by an epithelium, called the capsule, that derives from the pia mater (Matsunaga et al. 2011) . In previous studies, the expression of Basigin gene products was evaluated within the mouse brain, but not the pineal gland itself . Therefore, the purpose of the present study was to characterize the expression of Basigin gene products, as well as MCT1, within the mouse pineal gland.
Materials and Methods

Isolation of RNA and Protein Samples from Mouse Pineal Gland
Five mice (C57Bl/J-129 hybrid) were euthanized following an accepted protocol and the eyes and pineal glands were immediately removed and washed in phosphate buffered saline. The retinas were dissected from the eyes and pooled. The pineal glands were also pooled. RNA and proteins from each tissue type were isolated using the TRI reagent protocol (MRC, Inc., Cincinnati, OH) following the instructions of the manufacturer. The RNA was quantified via spectrophotometric analyses and the protein was quantified using the Coomassie-Bradford protocol (Pierce Thermo Scientific, Rockland, IL).
Quantitative Polymerase Chain Reaction (q-PCR)
Mouse pineal gland and neural retina RNA (0.1 lg) was subjected to one-step RT-PCR using the iScript protocol (Bio-Rad, Hercules, CA), with the addition of random hexamer primer (2.5 lM). Primer sets used included those for mouse 18s rRNA, Basigin variant-1, and Basigin variant-2 . Runs were performed in triplicate on a MiniOpticon Real-Time PCR system using the default cycling program of 50°C for 10 min, 95°C for 5 min, followed by 49 cycles of 95°C for 10 s, 55°C for 30 s, then 95°C for 1 min, 55°C for 1 min. A melt curve analysis was performed. All runs were performed in triplicate and the values obtained for the Basigin gene products were normalized to those of 18s rRNA within each tissue.
Immunoblotting Analyses
Mouse pineal and retina proteins (*10 lg) were subjected to immunoblotting analyses, as previously described . Briefly, proteins were separated on a NuPAGE 4-12% gradient Bis-Tris gel in NuPAGE buffer (Invitrogen Corporation, Carlsbad, CA). The proteins were electroblotted onto a nitrocellulose membrane (GE Osmonics, Pittsburgh, PA), stained with Fast Green, and destained. The blot was incubated in blocking solution [tris buffered saline (TBS) containing 2.5% dry milk and 0.2% Tween-20] for 1 h at room temperature. An antibody specific for Basigin gene products was diluted in blocking buffer to a final concentration of 5 lg/mL, and incubated with the blot for 1 h at 37°C. After washing with several changes of TBS, the blot was incubated in blocking buffer containing alkaline phosphatase (AP)-conjugated goat-anti-rabbit secondary antibody (Pierce/Thermo Scientific) for 30 min at 37°C. After washing with several changes of TBS, the blot was developed using AP conjugate substrate (Bio-Rad). The blot was documented using a scanner (ScanJet 6100C, Hewlitt Packard, Palo Alto, CA) and the figures were assembled using Microsoft PowerPoint software.
Immunohistochemistry
Mouse pineal glands and neural retinas were fixed with 4% paraformaldehyde in 0.1 M cacodylate (pH 7.4) and embedded in paraffin wax as previously described (Ochrietor et al. 2001 ). Tissues were sectioned at 6 lm, applied to gelatin-coated slides, deparaffinized, and incubated in blocking solution (TBS containing 0.15% Triton X-100 and 2% normal goat serum [Pierce/Thermo Scientific]) overnight at 4°C. The tissues were incubated with antibodies specific for Basigin gene products or MCT1 (Millipore Corporation, Billerica, MA), diluted to 1 lg/mL in blocking solution, for 1 h at 37°C and then at 4°C overnight. After washing with several changes of TBS, the tissues were incubated with Alexa 594-conjugated goat-anti-rabbit secondary antibody (Invitrogen Corporation), diluted 1:1000 in blocking solution, for 1 h at 37°C. Coverslips were mounted with 30% glycerol containing p-phenylenediamine (Sigma Chemical Company, St. Louis, MO) and the tissues were viewed with an Olympus Fluoview F1000 confocal microscope (Pittsburgh, PA). Images were gathered digitally using Olympus FV10-ASW 4.0 software and assembled for publication using Microsoft PowerPoint software.
Results
Expression of Basigin gene products within the mouse pineal gland was assessed via several biochemical methods. Quantitative reverse transcription polymerase chain reaction (q-RT-PCR) of mouse pineal gland RNA indicated that the Basigin variant-2 transcript is expressed within the tissue, whereas only trace amounts of the Basigin variant-1 transcript are present (Fig. 1) . This is in contrast with the neural retina, in which both transcripts are detected (Fig. 1 , Ochrietor et al. 2003) . It was also noted that the expression of Basigin variant-2 was significantly lower (*40-fold) within the pineal gland than the neural retina. Immunoblotting analyses indicated that only the Basigin variant-2 protein, but not the Basigin variant-1 protein, is expressed within the pineal gland (Fig. 2) . To date, the neural retina is the only tissue in which both Basigin gene products are expressed (Fig. 2, Ochrietor et al. 2003) . Immunohistochemical analyses of mouse pineal tissue indicate that expression of Basigin variant-2 is not present in the pineal parenchyma, but is found on the capsule that surrounds the tissue (Fig. 3) . Basigin variant-2 is also expressed by the endothelial cells that line the blood vessels of the tissue (Fig. 3) . In the neural retina, Basigin gene products are found on the apical and basal membranes of the RPE, the Müller glial cells, which extend from the inner segments of the photoreceptor cells to the nerve fiber layer, and the photoreceptor cell bodies and inner segments (Fig. 3 , Ochrietor et al. 2001) . The MCT1 protein is also present in the pineal gland and neural retina of mice and has an expression pattern identical to that of Basigin gene products in both tissues, with the exception of the basal membrane of the RPE (Fig. 3 , Philp et al. 2003) .
Discussion
Basigin gene products are intriguing molecules, as they have been implicated in a variety of biological functions (reviewed in Muramatsu 2015) . Previous studies have investigated the function of Basigin gene products within the mouse neural retina, and their patterns of expression within various mouse tissues. It was determined that MCT1 expression is linked to that of Basigin gene products in the neural retina (Philp et al. 2003) . When Basigin is not expressed, MCT1 is not expressed at the plasma membrane of Müller cells and photoreceptor cells (Philp et al. 2003; Igakura et al. 1998 ). This results in blindness from the time of eye opening (Ochrietor et al. 2002 ) and a significant decrease in the number of mitochondria in the neural retina (Pablo and Ochrietor 2013) . Biochemical analyses indicate that the transmembrane domain of Basigin gene products interacts via hydrophobic associations with MCT1 (Finch et al. 2009 ). While a significant number of studies have been conducted on Basigin gene products and MCT1 in the neural retina, this is the first study to characterize the expression of Basigin gene products and their relationship with MCT1 within the pineal gland. In the present study, it was noted that only Basigin variant-2 is expressed within the mouse pineal gland (Figs. 1, 2) , and that expression was not present within the gland itself, but rather on the epithelial cells that surround the gland (Fig. 3) . The levels of Basigin gene transcripts within the pineal tissue were much lower than that of the neural retina (Fig. 1) , which suggests that Basigin variant-2 plays a less-prominent role within that tissue.
It was also noted that the transporter protein MCT1 has an expression pattern that mimics Basigin within the pineal gland (Fig. 3) . Again, the expression of MCT1, like Basigin variant-2, is restricted to the capsule surrounding the tissue, and is not found within the parenchyma. It is likely that MCT1 contributes to basal monocarboxylate transport within the pineal gland.
Previous studies of Basigin gene products and MCT1 in the neural retina suggested that these two protein types are necessary for the rapid and efficient transport of metabolic substrates from Müller glial cells to the photoreceptor neurons. Basigin gene products and MCT1 are expressed throughout the neural retina, and in the absence of their expression, the neurons do not function and eventually die (Ochrietor et al. 2001 ). In the pineal gland, however, Basigin variant-2 and MCT1 do not appear to be as critical for the overall function of the tissue, since expression was restricted to the capsule surrounding the tissue and not within the parenchyma of the gland itself (Fig. 3) . The two proteins likely work to supply the tissue with monocarboxylates from the blood stream but are not required for rapid and efficient transport of metabolites to the pinealocytes. Contribution D.T. performed the q-RT-PCR, immunoblotting, and immunohistochemical analyses; L.v E. and P.L. generated the paraffin-embedded samples for immunohistochemistry; Judith Ochrietor generated the confocal micrographs.
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